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OPERATIONAL ASPECTS OF V/STOL AIRCRAFT 

By John P. Reeder* 

Thus far only test-bed V/STOL a i r c r a f t  have been b u i l t  i n  t h i s  
country. W e  have gained no appreciable operational experience with t h i s  
type of a i r c r a f t  i n  f i e l d  operations. It i s  t h i s  operational experience 
which may well be the  needed ca ta lys t  f o r  the  real development of  V/STOL 
a i r c r a f t  i n  both d i rec t ion  and application. 

The c r i t i c a l  aspects of V/STOL operation occur i n  the  terminal area.  
Four of t he  important aspects w i l l  be discussed i n  the following order: 

(1) The Conversion Maneuver 

(2)  The Instrument Approach 

( 3 )  Control and Stab i l iza t ion  f o r  Low-Speed Fl ight  

(4) The Ground Erosion and Debris Problems 

The Conversion Maneuver 

The safe ty  and rap id i ty  of performing the  conversion maneuver are 
strongly dependent on the  s implici ty  of p i l o t  controls and f l e x i b i l i t y  
p e m t t e d  i n  the  operation of the  conversion elements. The a i r c r a f t  
types i n  which only one conversion control has been necessary i n  addi- 
t i o n  t o  the  bas ic  a i r c r a f t  systems have proved reasonably s t ra ight -  
forward and simple t o  operate, provided the conversion control can be 
used independently of other  configuration changes, t r i m  systems, or 
engine power. I n  addition, the conversion elements should be contin- 
uously var iable  throughout t h e i r  full range so t h a t  l a rge  and sudden 
changes i n  a i r c r a f t  a t t i t u d e  are not required, and the a i r c r a f t  can be 
flown at  any desired speed by adjusting the conversion elements f o r  
proper balance of l i f t  and drag forces .  

I n  contrast ,  the  use of more than one addi t ional  control or t he  
necessary programing of several  operations markedly increases the 
t r a in ing  t i m e  and promotes the poss ib i l i t y  of p i l o t  e r ro r s  resu l t ing  
i n  l o s s  of control.  I n  addition, the ra te  of conversion must neces- 
s a r i l y  be slowed. 

The Instrument Approach 

I n  preparation t o  land i n  r e s t r i c t ed  landing areas  under weather 
or high densi ty  t r a f f i c  conditions the  V/STOL a i r c r a f t  will be slowed 
t o  below airplane speeds, or p a r t i a l l y  converted, t o  maneuver i n t o  
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pos i t ion  for the  f i n a l  approach. 
a i r c r a f t  can be reduced i n  dimensions i n  nearly d i r ec t  proportion t o  the  
pa t te rn  speed. 

The t r a f f i c  control area t o  handle such 

Figure 1 compares a typ ica l  V/STOL pat te rn  with a typ ica l  airplane 
pa t te rn .  
the airplane on a 5000-foot runway. 
es tabl ishing the dinement and g l ide  path l e g s  t o  the landing. Experi- 
ence indicates  t h a t  1 t o  1-1/2 minutes a re  required t o  e s t ab l i sh  d i n e -  
ment and 1-1/2 minutes are  required t o  es tab l i sh  the g l ide  path.  A t  
present i t  i s  not considered feas ib le  t o  follow a precis ion v e r t i c a l  or 
curved f l i g h t  path t o  a landing by instruments, nor i s  it considered 
p rac t i ca l  t o  change configuration and /or speed very g rea t ly  during the 
f i n a l  approach. Thus it appears t h a t  about 4 minutes w i l l  be required 
a t  reduced speed i n  a p a r t i a l l y  converted configuration for an ins t ru-  
ment approach. 

The V/STOL is  assumed t o  be landing i n  a 500-foot f i e l d  and 
Time  i s  the  governing f ac to r  i n  

The a i r c r a f t  which m u s t  slow t o  zero speed f o r  landing, o r  must 
land i n  the confines of a 500-foot f i e l d  with 50-foot obstructions must 
decelerate t o  zero speed i n  the distance from which the landing spot i s  
first sighted, as l imited by atmospheric v i s i b i l i t y  or ce i l ing .  
conventional airplane, on the  other  hand, t he  ve r t i ca l  veloci ty  only 
has t o  be a r res ted  near the point  f irst  sighted and the major part of 
the  speed can be l o s t  on a lengthy runway. 
i n  which an a i r c r a f t  can be slowed t o  a stop from various speeds a t  an 
operationally feas ib le  deceleration of O.l?g. This stopping distance 
represents the  minimum v i s i b i l i t y  o r  s l a n t  visual  range i n  which the  
stop can be made. This i s  converted i n t o  an operational angle-of- 
approach, as l imited by a 500-fpm r a t e  of descent, and the corresponding 
ce i l ing  i n  f igure 3 .  
speed cannot exceed about 47 knots. 
the corresponding ce i l ing  would be about 70 f e e t .  
t o  be gleaned from t h i s  i s  t h a t  V/STOL a i r c r a f t  must be capable of 
sustained operation a t  lower-than-airplane speeds t o  accomplish an 
instrument approach t o  a l imi ted  s ized landing f i e l d  i n  low ce i l ing  or  
v i s i b i l i t y  conditions. 

For a 

Figure 2 shows the  distance 

Thus, i n  a v i s i b i l i t y  of 1/8 mile the  approach 
A t  the  6' approach angle indicated 

The important idea  

Control and S tab i l i za t ion  for Low-Speed Fl ight  

I n  order t o  achieve a landing dis tance of 500 feet over a 5O-foot 
obstacle the approach speed of an STOL a i r c r a f t  must be l imi ted  t o  
about 40 knots. 
less than 70 knots, or so, the  control about one or more axes must be 
augmented t o  some degree. The r o l l  axis i s  important as the  bas ic  
heading and l a t e r a l  posit ioning control .  Normal a i le rons  have proved 
inadequate fo r  control a t  these low speeds. 
Hawker P-1127 u t i l i z e  augmented roll control  power and have i l l u s t r a t e d  
how re l a t ive ly  successful STOL operation can be as a result. Also, t he  
demand for  quick and precise  heading control  during a low-speed preci-  
sion instrument approach and the  need for removing drift  and f o r  

I n  addition t o  the  l i f t  capabi l i ty  t o  f l y  a t  speeds 
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control l ing during an STOL landing touchdown places a demand f o r  rather 
high control  response about the yaw axis, which unaugmented systems 
don't have. Recent stud5es with a la rge  tandem research hel icopter  of 
15,000 pounds weight have shown t h a t  a yaw control  response per inch 
of control displacement equal t o  t h a t  of the present mi l i ta ry  specif i -  
cat ions f o r  hel icopters  (MIL H-8501~) w a s  necessary f o r  good control 
during instrument approaches at a speed of 50 knots. 
was  double t h a t  provided i n  the basic  a i r c r a f t .  
i s  t h a t  control powers f o r  an STOL operating at 40 t o  50 knots must be 
augmented over those possible with conventional surface controls at 
least fo r  the  roll and yaw axes. 

This response 
The point t o  be made 

With regard t o  the  need for  s t a b i l i t y  augmentation systems f o r  
low speed f l i g h t ,  it i s  possible t o  draw some per t inent  conclusions 
now. The s t a b i l i t y  augmentation requirements are most severe a t  the  
lowest speed of f l i g h t  possible where aerodynamic datping of the  air- 
frame i s  at  a minimum. There i s  now ample evidence t h a t  hovering air- 
c r a f t  can have safe hovering charac te r i s t ics  f o r  v i sua l  f l i g h t  without 
the  need f o r  s t a b i l i t y  augmentation systems i f  proper a t ten t ion  i s  
given t o  providing the  nec'essary control power and desirable  sensi t iv-  
i t i e s  about all axes. This does 
not m e a n  t h a t  it i s  not desirable  t o  have s t a b i l i t y  augmentation f o r  
many tasks  such as precis ion instrument approaches. On the contrary, 
s t a b i l i t y  augmentation i s  very desirable  f o r  t he  successful completion 
of such tasks.  The point  is, however, that r e l a t i v e l y  simple and cheap 
single-channel systems of l imited authori ty  can be employed with rever- 
sion t o  manual control adequate i n  case of a failure. 

The Hawker P-1127 is  a good example. 

The Ground Erosion and Debris Problems 

Experience with t h e  e f f e c t s  of downward def lected slipstream on 
ground erosion and rec i rcu la t ion  e f f e c t s  i s  accumflating slowly, but 
t h e  e f f ec t s  on operational usage of t he  a i r c r a f t  have yet t o  be 
learned. The j e t  types have the  highest  sl ipstream ve loc i t ies  immedi- 
a t e l y  under the  a i r c r a f t  and will cer tainly stir up dust and debris. 
I n  addition, hot a i r  ingestion by the  engine occurs. However, with 
the  j e t  concentrated at the  center of t h e  a i r c r a f t  rec i rcu la t ion  e f f ec t s  
and obstruct ion t o  v is ion  i n  hovering near the ground are  minimized 
r e l a t i v e  t o  some other t m e s .  The slipstream tends %c sprecd without 
r ec i r cu la t ion  except i n  the  d i rec t ion  from which the  wind i s  blowing. 
The VTOL a i r c r a f t  with l a t e r a l l y  ( o r  otherwise) disposed l i f t i n g  systems 
w i l l ,  wi thin 10 t o  20 feet  of t he  ground, suffer more from v i s i b i l i t y  
and debr i s  pickup because the  high veloci ty  downwash f i e l d s  are forced 
t o  meet and mix v io l en t ly  under the  a i r c ra f t .  
mixiiig is fv rced  upward and outward at r igh t  angies t o  t'ne i i n e  con- 
necting t h e  centers  of the  l i f t i n g  systems as shown i n  figure 4. 
a region of severely r e s t r i c t e d  v i s i b i l i t y  i s  apt  t o  l i e  ahead i n  about 

The air i n  the  region of 

Thus 
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a 20' wedge about the plane of symmetry when headed i n t o  the wind. 
ve r t i ca l  take-offs a re  made followed by an air run i n  close proximity 
t o  the ground where the  dust or debris  r e s t r i c t s  v i s i b i l i t y  ahead it 
may be possible t o  accelerate  along a take-off path incl ined t o  the  
plane of symmetry i n  a s l i g h t l y  banked and yawed a t t i t u d e  i n  order t o  
see along the  t rack  being followed u n t i l  t he  debris  i s  cleared. 
Landing ve r t i ca l ly  may be a more serious problem since the  a i r c r a f t  i s  
i n  i t s  f i n a l  stages of deceleration when the  debris  i s  forced ahead of 
the  a i r c ra f t .  The technique of yawing t o  see along the  t rack  may be 
applicable here also.  I n  the  take-off or landing case, of course, for- 
ward speed can be employed t o  prevent the forward circulat ion.  

If 

In the  case of the  simple j e t  l i f t  engine the  hot exhaust w i l l  
have t o  be deflected from d i r ec t  ground impingement by some means f o r  
all but the  take-off and landing as it burns grass, sha t t e r s  concrete, 
blasts loose so i l ,  and overheats tires and s t ruc ture  of the  a i r c r a f t .  
Engines of t h e  fan or bypass type have considerably lower exhaust 
temperatures and ve loc i t ies ,  i n  the  normal case. The vectored t h r u s t  
engine exhaust i s  normally def lected aft except f o r  t h e  take-off and 
landing operation. In  t h e  case of t he  P-1127, grass has been burned 
f o r  take-off but not necessar i ly  during landing, although t h e  grass  
will erode away with continued exposure. It has been found t h a t  sod 
surfaces are generally r e s i s t a n t  t o  erosion e f f e c t s  at jet-type engine 
dynamic pressure of 1000-2000 pounds per square foot ,  dependent on the 
type of grass. In  some cases the  sod surface has been l i f t e d  from the  
ground even with a cold j e t ,  probably due t o  a buildup i n  pressure 
beneath the  sod surface. 
is  of considerable significance i n  t h i s  regard. 
hovering at several heights over an area with w e t  sod of native rye 
grass.  
of 6 f e e t )  a large area of sod suddenly erupted under the  a i r c r a f t ,  
throwing pieces of sod 8 t o  10 feet  i n t o  t h e  air. The a i r c r a f t  w a s  
landed immediately and the  engines shut down. The engines ingested 
considerable earth.  A photograph of t he  c ra t e r  i s  shown i n  figure 5 .  
It was about 7 inches deep at the  center.  The s o i l  t h a t  erupted was  
moist t o  a depth greater than t h a t  eroded and consisted of clay, p r i -  
marily, with some sand and a f e w  rocks. These experiences ind ica te  
t h a t  j e t  WOL a i r c r a f t  should operate from prepared or protected sur- 
faces wherever possible .  

A recent experience with the  X-14A at Ames 
The a i r c r a f t  had been 

A f t e r  5 seconds hover at a wheel height of 2 feet ( j e t  height 

CONCLUSIONS 

1. The p i l o t  should have only one addi t ional  control  t o  operate 
f o r  conversion. Also, t h e  degree of conversion should be continuously 
variable through the  complete range. 
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2.  Instrument landing pa t te rns  can be reduced i n  s ize  approximately 
i n  proportion t o  the  speed, since t i m e  i s  the governing fac tor .  

3 ,  A t  least 4 minutes w i l l  be required a t  reduced speeds i n  a 
p a r t i a l l y  converted configuration t o  perform an instrument approach i n  
low ce i l ing  o r  v i s i b i l i t y  conditions. 

4. The distance from which the landing spot can be seen, in the  
f i n a l  analysis,  determines the  maximum speed on the  approach f o r  VTOL 
operation. This results i n  a speed of about 47 knots f o r  1/8-miie 
v i s i b i l i t y ,  assuming O.l5g deceleration t o  zero speed i n  the  a i r .  This 
represents a ce i l ing  of 70 feet on a 6' glide slope f o r  a l imi t ing  rate 
of descent of 500 f p m .  

5 .  Control power requirements f o r  STOL a i r c r a f t  operating a t  
40 t o  50 knots are grea te r  than can be ebtained by con-Tentional surface 
controls.  Roll response i s  most important. Directional control response 
becomes important f o r  t he  STOL landing and the  V/STOL instrument low 
approach. 

6. S t a b i l i t y  augmentation i s  desirable,  bu t  need not be necessary 
f o r  safe operation i n  case of f a i l u r e  of the augmentation. 

7. Ground erosion and s t ruc tu ra l  heating problems w i l l  be maximum 
and very ser ious for the  a i r c r a f t  having pure j e t  l i f t  engines. 
gas and debris  ingestion, and dust r e s t r i c t i o n  t o  v i s i b i l i t y  will be most 
ser ious with the  types having l a t e r a l l y  and/or longi tudinal ly  disposed 
lift elements. 
may be necessary t o  take off and land a t  forward speeds t o  avoid these 
e f f e c t s .  

Hot 

If ve r t i ca l  take-offs and landings are  not possible,  it 
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